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ABSTRACT

Throughouttheborealandtemperatezones,forestrestorationeffortsattemptto counteract
negativeeffectsof conversionto otherlanduse(afforestationandremediation)anddisturbance
andstresson existingforests(rehabilitation).Appropriatesilviculturalpracticescanbedesigned
for any forestrestorationobjective. Most commonobjectivesincludetimber,wildlife habitatfor
gamespecies,or aesthetics.Increasinglyotherobjectivesareconsidered,includingcarbon
sequestration,biological diversity, non-gamemammalsandbirds, endangeredanimalsand
plants,protectionof waterquality andaquaticresources,andrecreation.Plantationforestry
remainsthemosteffectiveapproachto restorationof forestcoverto largeareas,andrecent
trendstowardmorecomplexplantationsareexplored.Rehabilitationof degradedforests
increasinglyrelieson re-establishingnaturaldisturbanceregimesandemphasizes“close-to-
nature”approachesto regenerationandstandmanagement.Theobjectivesof this paperareto
placeforestrestorationinto thecontextof sustainablemanagementandto presentan overviewof
restorationactivitiesin temperateandborealforests.

INTRODUCTION

Forestcoverin populatedareasof the world is in dynamicequilibriumwith landclearedfor
agricultureandtakenfor urbanuses.Forestcoverhasdeclinedglobally, from an estimated6
billion haof “original” forestextentto thepresent3.45 billion ha(KrishnaswamyandHanson
1999).Thegreatestlossin coverhasoccurredin Asia-Pacific,Africa, andEurope(all morethan
60 percentlossof forestcover).Lossesin NorthAmericaarerelatively low (25percent),while
Latin America(CentralandSouth) haslost over 30 percentof theoriginal forest cover(Figure
1). Market forces,changingtradepolicies,agriculturalreforms,orconservationeffortsdrive
conversionof clearedlandback to trees.Nevertheless,theareain forestplantationsis only 135
million ha,althoughincreasing(Kanowski 1997).

Many areasremainingin forestcoverareexperiencingdisturbancesand stressesthat negatively
affect ecologicalstability (Larsen1995)ormaintain theforestin acondition thatcanbeseenas
unsustainable(Krishnaswamyand Hanson1999).Global assessmentsof forestcondition identify
thefactorscausinglossof forestcoveranddegradationof remainingforests,includingchanging
landuse,increasingdemandfor fiber, andexogenousstressessuchasglobal climatechangeand
lossofbiodiversity(KrishnaswamyandHanson1999,WRI 2000).Throughouttheborealand
temperatezones,forestrestorationefforts attemptto counteractthesenegativetrends. The
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objectivesof this paperareto placeforestrestorationinto thecontextof sustainablemanagement
andto presentanoverviewofrestorationactivitiesin temperateandborealforests.Plantation
forestryremainsthemosteffectiveapproachto restorationofforestcoverto largeareas,and
recenttrendstowardmorecomplexplantationsareexplored.Rehabilitationof degradedforests
increasinglyrelieson re-establishingnaturaldisturbanceregimesandemphasizes“close-to-
nature”approachesto regenerationandstandmanagement.

TERMINOLOGY

Whatconstitutesrestorationcanbe confusingasthetermis usedindiscriminately. It is helpful
to considerthedynamicrelationshipbetweendegradingandrestoringprocessesin light of two
dimensions,changesin landcover,landuse,or both. If weconsidertheundisturbed,idealized
naturalmatureforestasa startingpoint (Figure2), thenconversionsto otherlandusessuchas
agricultureor pasturearethroughdeforestation.Relativelyfrequentbut moderatedisturbance
(plowing, herbicides,grazing)maintainsthe non-forestcover.

Similarly, a changein both landcoverandland useoccurswhenforestsareconvertedto urban
uses,floodedby dams,orremovedalongwith topsoil/overburdenin mining andextractive
activities. Suchdrasticconversionusuallyinvolvesseveredisturbanceandis maintainedmoreor
lesspermanentlyby structuresmorethanby culturalactivities(Figure2).

Even-agedharvestingof matureforestin asustainablemanneris a changeof landcoverbut not
landuse.A new,youngforestwill resultfrom naturalregenerationorby reforestation(i.e.,
plantingtreesin acutover).Unsustainableharvestingwithoutsecuringadequateregeneration,
suchashigh~grading(manydiameter-limitharvestsor selectiveharvesting),degradesstand
structureor diversity.Forestcanalsobedegradedby pollutantloading,outbreaksof insectsor
diseases(especiallyexotics),invasionby aggressiveexoticplants,or by disasterssuchas
hurricanesorwildfires. In all theseinstances,interventionto restorespeciesdiversity orstand
structurecanbe termedrehabilitation(Figure2).

Givensufficient time andthecessationof disturbances,agricultural landaswell asurbanized
landwill revert to forest,if that is thepotentialnaturalvegetationassetby climate.
Abandonmentandreversionto forests,albeitsecondaryorevendegradedforesttypes,will be on
atime scaleof afew decadesto centuries.Humanintervention,however,canacceleratethe
reversionprocess.Afforestationof agriculturallandmayconsistof simplyplantingtrees,
althoughtechniquesthat aremoreintensiveareavailable.Reclamationof urbanizedlandusually
requiresextensivemodification. This mayincludestabilizationof spoilbanksor removalof
watercontrolstructures,followed by treeplanting. Becauseseveredegradationmaylimit the
possibilitiesfor reclamation,this is sometimescalledreplacement(Bradshaw1997).

Generally,restorationconnotessometransitionfrom a degradedstateto a former“natural”
condition.All therestorativeactivitiesdescribed(reforestation,rehabilitation,afforestation,and
reclamation)havebeencalledforestrestoration,althoughto thepuristnonewould qualify astrue
restoration(Bradshaw1997,Harrington1999).In the narrowestsense,restorationrequiresa
returnto an idealnaturalecosystemwith thesamespeciesdiversity, composition,andstructure
aspreviouslyoccurred(Bradshaw1997)andassuchis probablyimpossibleto attain(Cairns
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1986).Pragmatically,it would seemthatthetermforestrestorationcouldbe limited to situations
whereforestlanduseaswell aslandcoverarerestored(afforestation-or reclamation),and
rehabilitationto situationswherestructureor speciescompositionof an existingforest is
modified. This approachis adoptedhere.

THE SUSTAINABILITY CONTEXT

TheContinuumModel
We view restorationasan elementin a continuummodelof sustainableforestmanagement
(WalkerandBoyer 1993;StanturfandothersIn press).Thestateof theforestecosystemranges
from naturalto degraded.Levelsof statefactorssuchasbiomassorbiodiversityin forests
subjectedto disturbancefollow adegradationtrajectory,which shapeis characteristicto thestate
factor. At any point alongthetrajectory,recoverycanbe initiatedoncethestressordisturbance
abates.Therecoverypatternis divided into threelevels: self-renewal,rehabilitation,or
restoration. In the self-renewalphase,theforestcanreturnto its original state,moreor less,
without humaninterventionin arelatively short time. Naturalregenerationof forestsmanaged
for timberis an exampleofrelianceon self-renewalprocesses.At intermediatelevelsof
disturbance,it will takelongerto recovernaturallybut thetimerequiredmaybe shortenedby
humanintervention.Oneexamplemight be rehabilitationby reforestationofforestsconsumed
by wildfire. At theirmostdegradedstate,forestsmayrecovernaturallyaftera centuryormore,
but in decadesby humanintervention.

Theforest thatresultsfrom restorationmayneverrecoverto theoriginal statefor all functions
(seeHarrington1999 for agraphicalrepresentationof possibletrajectories).Ourusageof
restorationdiffers from theotherwisevery satisfactoryterminologyofBradshaw(1997),aswe
do not acceptthe“ideal state”connotationhegivesit. If wecanmovetheecosystemfrom the
degradedto thenaturalstate,wecanthendependuponself-renewalprocessesin managingthe
resultingforest. How quickly theforestmovesto theself-renewalphaseis a functionof the
amountwearewilling to investto overcomethedegradedconditions.Thisline mayshift its
verticalpositiondependinguponavailablesilvicultural techniques.Thecontinuummodelnot
only avoidsthemeaninglessexerciseof specifyingan endpointfor restoration,but it offersa
broadercontextfor restorationon private land.Landownerswith managementobjectivesother
thanpreservationareableto contributeto ecosystemrestoration(Stanturfandothers1998a,
StanturfandothersIn press).

CommonChallenges
Appropriatesilviculturalpracticescanbedesignedfor anyforest-restorationobjective. Most
commonobjectivesincludetimber,wildlife habitatfor gamespecies,oraesthetics.Increasingly
otherobjectivesareconsidered,includingcarbonsequestration,biological diversity, non-game
mammalsandbirds, endangeredanimalsandplants,protectionof waterquality andaquatic
resources,andrecreation.Different outputsmaybesoughtfor eachobjective.The timber
managementobjective,for example,maybe for sawlogsandveneerlogs,orfor pulpwood.
Appropriatemanagement,in particularrotationlength,will vary accordingto the desiredproduct
size. Managingfor wildlife maybe thestatedobjectivebut differentwildlife speciesor species
grouphavedifferenthabitatrequirements,from matureclosedforeststo earlysuccessionalseres.
Choosingtheappropriatesilvicultural techniquespresentsthechallengeofmanagingfor
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apparentlyincompatibleobjectives. Slight modifications,however,mayhavenegligible impact
on outcomesoroutputsfor oneobjectivebut majoreffectson anotherobjective. Clarity of
objectives,combinedwith an adequateunderstandingoffeasiblegoalsdevelopedfrom
informationoncurrentconditions,allows thesilviculturist to choosea silvicultural systemthat
will maximizesatisfactionof multiple objectivesalthoughno singleobjectivewill be optimized.
Nevertheless,thechosensystemmaybeadjustedto minimize impactson otherecosystem
functions,andmanycomplementarybenefitswill beproducedin additionto theprimarybenefit.

Threestepsarekey to planningforestrestoration:(1) understandingcurrentconditions(thegiven
conditions,a startingpoint); (2) clarifyingobjectivesand identifyingan appropriategoal (the
desiredfuture condition);and(3) definingfeasibleactionsthatwill movetowardthedesired
condition. In mostcases,the silviculturist hasseveraloptionsfor intervening,asthereare
multiple silvicultural pathwaystowardthedesiredfuturecondition.The choiceof intervention
affectsthefinancialcost,thenatureof intermediateconditions,andthe timeit takesto achieve
thedesiredcondition. It is imperativethat silvicultural decisionsaremadewith clearobjectives
in mind andwith an understandingof theprobability that a particularinterventionwill be
successful.

Therearemanyexamplesof forestrestorationthatcanbeclassifiedasafforestation,reclamation,
or rehabilitation(Table 1). Thechallengesof forestrestorationin differentcountriesare
surprisinglysimilar (Kanowski 1997):overcomingsitedegradationor limitations; prescribing
appropriatespecies;andapplyingcost-effectiveestablishmentmethods.Severalof theseefforts
arediscussedin moredetailbelow.

AFFORESTATION

Forestrestorationon landclearedfor agricultureis widespread,oftentermedafforestation.Land
was abandonedbecauseof infertility, frequentflooding,or othersite limitations.It shouldbe
self-evidentthat thefirst stepin restoringa forestis to establishtrees,thedominantvegetation.
Although this is not full restorationin the senseofBradshaw(1997),it is a necessarystepandfar
from atrivial accomplishment(Stanturfandothers 1998b,StanturfandothersIn press).
Nevertheless,manypeopleobjectto traditionalplantationson thegroundsof aestheticsor lack
of standandlandscapediversity.Thecorrectecologicalcomparison,however,is between
plantationsandintensiveagriculture,ratherthanbetweenplantationsanda maturenatural forest
(Stanturfand othersIn press).All forestalternativesprovideatleastsomeverticalstructure,
increasedplant diversity, andsomewildlife andenvironmentalbenefits.Kanowski (1997)
arguedfor adichotomyin conceptsof plantationsforests,betweenthetraditionalplantations
organizedfor fiber productionandmorecomplexplantationsystemsthat seekto maximize
socialbenefitsotherthanwood. Restorationgoalscanbemet by developingaconceptof
complexplantationsthatretaintheeconomicand logistic advantagesof simpleplantations.

Advantagesof SimplePlantations
Simpleplantationsaresinglepurpose,usuallyeven-agedmonoculturesthat canproduceasmuch
as tentimesgreaterwoodvolumeasnaturalforests(Kanowski 1997). Simpleplantations,
nevertheless,providemultiple benefitswhencomparedto alternativessuchascontinuous
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agriculture;if managedwell, theysatisfysustainabilitycriteria. Significantadvantagesof simple
plantationsarethat theyeasilycanbe establishedusingproventechnology,theirmanagementis
straightforward,andtheybenefitfrom considerableeconomiesof scale. If financialreturnis the
primaryobjectiveof a landowner,simpleplantationsmaybe preferredand somerestoration
goalswill beattained(StanturfandothersIn press).Nevertheless,complexplantationscanbe
establishedthat providegreatersocialbenefit ata reasonablecost,perhapsaslittle as 10 percent
of timber returns(Kanowski 1997)orevenata netfinancial gainto thelandowner(e.g.,Stanturf
andPortwood1999).

Characteristics of ComplexPlantations
Objections to plantationsareoftencastin termsof aesthetics.Thesharpboundarybetweena
plantationandotherlandusesis objectionable,asis theuniformity of treesplantedin rows. The
sharpedgesof plantationscanbe “softened”by fuzzy or curvedboundaries,in orderto integrate
theplantationwith otherlanduses.Whereplantationsareon small farmholdings,agroforestry
systemsof intercroppingcanblendland uses.Forestedriparianbuffersareestablishedin
agricultural fields to protectwaterqualityby filtering sediment,nutrients,andfarmchemicals,
andtheybareasyaccessby livestockto streambanks.Riparianbuffersadddiversityto the
landscapeand serveaswildlife corridorsbetweenpatchesof fragmentedforests.In floodplain
landscapessuchasbottomlandhardwoods,areasofpermanentlysaturatedor inundatedsoil
(respectively,moistsoil unitsandopenwaterareas)arecommonanddiversify the interior of
plantations.

Severaloptionsareavailableto overcometheuniformity of rows. Perhapsthe simplest
techniqueis to offset therows. Uniform spacingbetweenrowsandbetweenseedlingswithin a
row is common,resultingin asquarepattern. Rowscanbeoffset to produceaparallelogram
insteadof asquare.Alternatively,plantationscan be plannedwith arecreationalviewerin mind
sothat theview from trails androadsis alwaysoblique to therows, therebyescapingnotice. At
anyrate,oncethecanopyreachessufficient heightthat groundflora andmidstoryplantscan
establish,mostplantationstakeon theappearanceofnaturalstands,atleastto the casual
observer.

A moreseriousobjectionto plantationsis the lackof diversity, in termsof speciescomposition
andverticalstructure.Essentially,simpleplantationsarenotasdiverseasnaturalstands,at least
for manyyears. Forestershavedevisedseveralmethodsto establishmultiple speciesstands.For
example,plantingseveralblocksof differentspeciesin a stand,or evenalternaterowsof
different speciesis possibleandcreatessomediversity atthestandlevel. Distribution,however,
remainsmoreclumpedthanwould betypical of anaturalstand.

Othermethodsareavailable,includingnursecropsof fastergrowingnativespecies(Schweitzer
andothers1997)or exotics(Ashtonandothers 1997,LambandTomlinson1994). In this
approach,thereis no intentionof retainingthenursecropspeciesthroughouttherotationof the
slowergrowingspecies(thiscouldalsobe termedrelayintercropping).While thenursecrop
methodhasmanyadvantages,andin theshort-temprovidesspeciesdiversityandprobably
verticalstructure,oncethenursecrop is removedtheresidualstandmaylackdiversity. The
challengeis to developmethodsfor establishingseveralspeciesin intimate mixtures,suchas
would occurin a naturalstand,butavoiding excessivemortality during theself-thinningor stem



StanturfandMadsen Page6

exclusionstageof standdevelopment.Suchmethodsmustaccountfor thegrowthpatternsofthe
species,relativeshadetolerances,andcompetitiveability.

Vertical structureis an importantfeatureofforestsfor wildlife (DeGraaf1987,Twedtand
Portwood1997,HamelandothersIn press).Early stagesof standdevelopment,whetherin
naturalforestsorplantations,arecharacterizedby low light in theunderstoryuntil crowns
differentiate. In mostrestorationforests,little developmentof theunderstoryandmidstory
occursfor manyyears. Annualdisturbancewhile in agricultureremovedburiedseedand
rootstocksof nativeplantsandlow light levels in theyoungforestprecludeunderstory
developmentfrom invaders.Themanagercaninterveneto plantunderstoryspecies;at present,
little researchaffordsguidanceon methods,plantingdensity,orprobablesuccessrates. As
indicatedabove,relayintercroppingprovidesvertical structurefor a time. Naturaldispersalinto
gapscan alsoencourageunderstorydevelopment,whethergapsarecreatedby thinningor left
duringplanting(Allen 1997, Otsamo2000). Thecritical factorlimiting understorydevelopment
by natural invasionis whetherthereareseedsourcesfor theunderstoryplantswithin dispersal
range(ChapmanandChapman1999,Johnson1988).

Afforestation ofBottomland Hardwoods in the SouthernU.S.
The Lower MississippiAlluvial Valley(LMAV) hasundergonethemostwidespreadlossof
bottomlandhardwoodforestsin theUnitedStates(MacDonaldand others1979,Stanturfand
others2000). Besidestheextensivelossof forestcoverby clearingfor agriculture,regionaland
local hydrologiccyclesweredrasticallychangedby flood controlprojectsthat separatedthe
MississippiRiver andits tributariesfrom theirfloodplains. Deforestationanddrainageresulted
in a lossof critical wildlife andfish habitat,increasedsedimentloads,andreducedfloodwater
retention. Restoringthesefloodplain forestsis thesubjectof considerableinterestandactivity
(Sharitz 1992,King andKeeland1999,Stanturfandothers2000).

Restorationon theLMAV is drivenprimarily by actionson federallandandby federalincentive
programs,althoughstateshavetheirprojectson public land(Newling 1990;Savageandothers
1989).Currentplansfor restorationon public andprivateland suggestthat asmanyas200,000
hacouldbe restoredin the LMAV over thenextdecade(Stanturfandothers2000).

Thedominantgoalof all restorationprogramsin theLMAV, whetheron public orprivateland,
hasbeento createwildlife habitatandimproveorprotectsurfacewaterquality (King and
Keeland1999). In practice,this meansafforestationof small areas(usuallyno morethan300
acres)within a matrix of activeagriculture.While weknow how to afforestmanysites(Stanturf
andothers 1998b),recentexperienceillustratesthedifficulty of applyingthis knowledgebroadly
(StanturfandothersIn press).

Afforestationof bottomlandhardwoodsis a processwheresomethingcango wrongat any of
severalsteps(GardinerandothersIn press). Themostcritical stepis properlymatchingspecies
to site,particularlyto hydroperiod.Few speciescantoleratecontinuousflooding. Eventhose
fewthat canwithstandextendedsoil saturationandroot anoxiacannottoleratesubmersionof all
theirleaves. Most floodingtolerantspeciescanbeplantedon driersitesbut not the reverse
(Stanturfandothers1998a). Soil physicalconditions,root aeration,nutrientavailability, and
moistureavailability areotherimportantsite factorsto consider.
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Restorationon public landin theLMAV follows an extensivestrategyof low costperha
plantingordirect seedingofheavy-seededspeciesof valueto wildlife suchasoaks. It relieson
nativespecies,plantedmostly in single-speciesblockswithin plantationscontainingthreeor
morespecies.Choiceof speciesto plantis guidedby toleranceto flooding andsoil
characteristics.Hardmastproducerssuchastheoaks(Quercusspp.)arefavoredfor their
wildlife valueandbecausetheyarethemostdifficult to obtainby naturalprocesses.Oaksare
plantedon wide spacing(3.45m by 3.45m) as1-0barerootseedlingsor direct-seededasacorns
on 1 m by 3.45 m spacing(to accountfor lower survival). Wind and waterarerelieduponto
disperselight-seededspeciessuchasash(Fraxinusspp.),elm (Ulmusspp.),sycamore(Platanus
occidentalis),sweetgum(Liquidambarstyraciflua),andmaple(Acerspp.)(Stanturfandothers
1998). Thelight-seededspeciesareneededfor richness,stocking,andto createforested
conditions(Haynesand others1995).

Theextensivestrategythatpredominateson public landhasshapedthefederalprogramsaimed
at privateland. Theappropriatenessof this strategyfor privatelandhasbeenquestionedfrom
severalperspectives(StanturfandothersIn press).First, wind and waterdispersalof light
seededspeciesto thesesmall, isolatedtractsis reliableonly whennaturalseedsourcesarewithin
100 m (Allen 1990, 1997). Failureto fill betweentheplantedoaksmeansincompletesite
occupancyby trees,lowerspeciesrichness,andlongertimeneededto providestructural
diversity. Second,moreintensivestrategiesareavailablethat providewildlife benefitsand
restoreforestedwetlandfunctionsquicker. Manywildlife speciesatrisk arethosethat require
forestsof complexstructure.Extensiveplantings,evenif fully successful,require60yearsor
moreto attaina desirablestructure(King andKeeland1999,Twedtandothers1999). Third, the
stockingthat resultsfrom successfulrestorationunderfederalcost-shareprograms(i.e., 309
stemsperhaat age3) will notbesufficient to supportcommercialtimberproduction.Thelack
of merchantablevolume in theseunderstockedstandsnot only will constraintimbermanagement
but alsowill limit standmanipulationfor wildlife habitat,aesthetics,orforesthealth. Fourth,the
ability to sequestercarbonwill besignificantly lower. Interestis increasingin afforestationto
obtaincarboncreditsundertheKyoto Protocol(SchlamadingerandMarland2000)andthe
critical periodfor creditsis between2008and2012,very early in the life of standsplantednow.

Strategiesthat aremoreintensivefor quickly establishingclosedcanopyforestsareavailable,
albeitat higherinitial coststhan theextensiveplantings. For example,a managercanestablisha
closedcanopyforest 10 m or tallerin threeyears,usingfastgrowingnativespeciessuchas
Easterncottonwood(Populusdeltoidesvar. deltoides). Oneortwo yearsafterplanting,this
cottonwoodnursecrop is establishedandslowergrowingspeciesof oakcanbe interplanted
betweeneveryotherrow. Later,themanagermayinterveneto shapestandstructureand
compositionof thestandasit develops.Possibilitiesincludeharvestingthecottonwoodat age
10, in thewinter to maximizesproutregrowthandafford themanagerasecondcoppicerotation
of thecottonwood,or in the summerto minimize cottonwoodsproutingandreleasetheoak
seedlings(Schweitzerandothers1997). Thefull benefitsof this interplantingtechniqueare
beinginvestigatedbut observationsin operationalplantingsindicatethat significantwildlife
benefitsarerealizedwithin five years(TwedtandPortwood1997).

Afforestation ofBroadleavesin the Nordic Countries
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The term“forest restoration”coversvery different silvicultural challengesin theNordic
countries.In Iceland,afforestationis attemptedon barrenlanddegradedby overgrazing.Special
effort is madeto restorebirch woodlands,whichcoveredmorethan25 percentof thelandareaat

ththetime of settlementin the 10 Century(Sigurdsson,1977).Contraryto theIcelandicsituation,
afforestationefforts in theotherNordic countriesandEstoniaoccurson fertile farmland.Aims of
afforestationareratherdifferentwithin andbetweenthecountries.InFinland,Sweden,and
Norwaytheexpectedextentof afforestationis ratherlimited andservesmainly asan alternative
land useto small scaleandinefficient agriculture.In Estonia,manysmall farmshavebeenturned
over to thedescendantsof theformerowners.Theyhaveno experienceorexpertisewith
farming,soforestry maybe an attractive,low-costlandusealternative.Consequently,a
significantincreasein forestlandon abandonedfarmlandis expectedin Estonia.In Denmark,the
goal of theafforestationprogrammeis to doubletheforestedareawithin onetreegeneration
(approximately100years).Theseveralaimsof this programinclude:

• Increasedconcernfor sustainability,natureconservationand biodiversity,
• Protectionof groundwaterresources,
• Improvementof recreationalvaluesof the landscape,and
• Reductionof thesubsidisedagriculturalproduction.

Afforestationof broadleavesis preferred,althoughconifersareallowedundercertainconditions.
Typicallybroadleavedseedlingsareplantedat densitiesup to 5,000perha. Theremustbea
minimumof 2,500to 4,000saplingssurvivingat 8 to 12 yearsafterplanting. Additional
subsidiesarepaid in Denmarkfor pesticide-freeafforestation,fencing,andincome
compensation.Direct seedingof oak is gainingpopularity on farmlandin southernSwedenand
Denmark(MadsenandothersIn press).Costsare30percentto 50 percentofplantingseedlings
andreliableon barefarmlandwithoutrodents.

REHABILITATION

Degradationof existingforestsoccursfrom anthropogenicandnaturaldisturbance.By
degradation,wemeanlossof species,simplificationof standstructure,or invasionby exotic
organisms.Thefirst stepin rehabilitationis to identify thecauseof siteor standdegradation.
Standdegradationfrom high gradingorfire suppressionmaybe remediedthroughvegetation
manipulationalone. Alterationof thesiteby changedhydroperiod,atmosphericdeposition,or
catastrophicfires posesbroaderquestions.Canthepre-disturbanceconditionsberestoredorthe
effectsof alterationsomehowmitigated? Shouldthe rehabilitationeffort targeta different
vegetationassemblage,perhapsonemoreadaptedto presentconditions? Forexample,
hydroperiodalterationscausedby flood controlprojects,dams,orhighwayconstructiontendto
be irrevocable,atleastin theshort-term. Floodingcausedby beaverdams,however,canbe
reducedby removingthedambut continuedmanagementof beaverpopulationlevelswill be
requiredto avoid recurringproblems.Theguidingprinciplefor silviculturist shouldbe to
rehabilitateor restorein accordancewith existingconditions,unlessalterationis feasible,
affordable,andwithin thecontrolof thesilviculturist.
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Often thecurrentstandis sodegradedthat truesitepotential, in termsof speciescompositionand
productivity, is masked. On theotherhand,onemustbe carefulto avoidattributingahigher
potentialthanis warrantedandmistakenlyblaming“degradation”for conditionson an inherently
poorsite. Sitepotentialrefersto thecombinationof relativelyunchangingphysicalfactors
which affectspeciescompositionandstandvigor. Thesearenot immutable,however,and
changesin hydroperiodespeciallycandegradeasite. Ontheotherhand,selectivelyloggingthe
biggestandbesttreesof afew speciesmaydegradethestandwithoutlowering thepotentialof
thesite. A site’s potential,andwhetherit hasbeendegraded,sets limits on whatcanbeachieved
by silvicultural intervention.Sitepotentialalsodeterminesthegeneraldirectionof stand
developmentandthelikely outcomeofany majordisturbancethatreplacesthe existingstand.

Thestability of forestscanbe expressedin termsofresistanceandresilienceof theforest
ecosystem(Larsen1995).Poorresistancemaybeexpressedassusceptibilityof theforestto
damageor destructionby strongwinds,drought,fire or acomplexoffactors.Poorresiliencecan
be characterizedasdifficulty in regainingpre-disturbanceconditions,leadingto regeneration
problems.Forexample,traditional forestryin northernEuropehasmainlyconcentratedon
growingconifersfor timberandpulp. Overthepasttwo decades,concernhasincreasedfor
ecologicalstability, natureconservation,andsustainablelanduse.Oneresponseto this concern
is oftentermedclose-to-naturesilviculture, which is characterizedby greateruseofbroadleaved
species,lessrelianceon artificial regenerationandplantationculture, andattemptsto restore
foreststhat aremorediverse.In manyEuropeancountries,rehabilitationof largelyconiferous
plantationsto mixeddeciduouswoodlandsis aidedby standdisturbingwindstorms.

Rehabilitation ofBroadleavedWoodlands in Northern Europe
Traditionalforestryin northernEuropehasmainly concentratedon growing conifersfor timber
andpulp in both theborealandthenemoralzone.During thepasttwo decades,increasedpublic
concernfor ecologicalsustainability,natureconservationandsustainablelanduse,alongwith
economicalconstraintsandreducedsoftwoodtimberprices,hasledto increasedfocuson the use
of broadleavedspeciesand close-to-natureforestmanagement.Themorediverseand
multifunctional aimsof forestryhaveemphasisedtheneedsfor theforeststo be flexible with
respectto future outputsaswood andnon-woodproductsandvalues.Additionally, the
importanceof suchflexibility is underscoredby thelongproductionperiodsin European
forestry,whererotationlengthsusuallyrangebetween50 and 120 years.Theproblemis that
nobodycanpreciselypredictwhatwill be themain role of thefutureforests.

Presentlyconiferousplantationsarebeingtransformedinto broadleavedstands,particularlyon
thebettersoils in thedeciduouszoneof southSwedenandDenmark;in Bavariain Germany;in
England;andin Ireland.Today,themain speciesin coniferousplantationsareNorwayspruce
(Piceaabies),Sitkaspruce(Piceasitchensis),andpines.Norwayspruceis outsideoron theedge
of its natural rangein DenmarkandsouthSweden,andmaybe off-site in otherareas.The
coniferswereinitially planteddueto highproductionvalueand lowercultivationcosts.
However,theyhaveshownpoorwind stability andhealthon manysites. Catastrophicwindsnot
only destroytheexistingforests,but alsocreateregenerationproblemsoverlargeareas.

Plantingbroadleavesfollowing aclearcutor underconifershelterwoodis common. Species
typically includebeech(Fagussylvatica),pedunculateoak (Q. robur), ash(Fraxinusexcelsior),
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andbasswood(Tilia cordataor T. platyphyllos). Direct seedingoaksandbeechinto
shelterwoodsandclearcutshasbeenattemptedwith somesuccessin Germany,Sweden,and
Denmark.Catastrophicwindstormsin recentyearshavegiven impetusto finding reliable,low-
cost alternativessuchasdirectseeding. On oceanicislandssuchasIreland,however,
shelterwoodsareuncommonasfrequenthighwindsmaketherisk ofblowdownof theresidual
standhigh.

Rehabilitation of Shortleaf Pine Woodlandsin the Interior Highlands, United States
TheInteriorHighlandsrefersto thebroadplateausandlow mountainscalledtheOzarkPlateaus
of theBoston Mountainsand theOuachitaMountains. Thetwo areasareseparatedby a
structuraltroughoccupiedby theArkansasRiver(Walker 1994).Soils of theOzarkPlateausare
formedmostlyon limestoneanddolomite,while thoseof theOuachitaMountainsareformedon
sandstoneandshale.High insolationduethe prevailingeast-westorientationof theInterior
Highlands,pluserratic rainfall andhigh temperatures,limit theforestovermuchofthe areato
thosetypesadaptedto poorsoils anddry sites. Extensivepurestandsof shortleafpine (Pinus
echinata)havebeenmaintainedin public and industrialmanagementin theOuachitaMountains
(Walker 1994),althoughloblolly pine(P. taeda)is managedintensivelyin plantations.
Hardwoodsencroachunderthepine,andtheywill capturethesitewhenthesub-climaxpinesare
eliminated,leadingto pine-hardwoodmixtures.

Prior to Europeansettlementof theregion,pinesmaintaineddominanceby their toleranceto
periodicfire. In theOuachitaMountains,standsweredominatedby pines,primarily shortleaf
(Pinusechinata)with a minorhardwoodcomponentin theoverstory,mostlyQuercusspp. A
nativeherbaceousunderstorydominatedby bluestemgrasseswasmaintainedby fire. Soils are
generallymoderatelydeepto deep(50cm to 150 cm) andfrequentlyclassifiedasTypic
Hapludults. Shortleafpinesite indexon thedeepersoils rangesbetween18 m and21 mat age
50. On soils with depthsof less than50cm,site indexis typically between12 m and15 rn. On
steepupperslopes,site indexcanbeas low as9 m (Guldin 1986;Graney 1986). Mostof these
soils havemoderateto severeerosionpotential,which canbepredictedfrom rock content;the
greatestpotentialis in soils of lessthan 15 percentrock (Luckow 1998).

Restorationresearchis beginningin this region,designedto mimic pre-settlementconditions.
Experimentaltreatmentsincludecommercialthinning of the overstory,with residualpinesand
scatteredhardwoodsin the maincanopyat lower basalareasthanin thecontrols. Total basal
areaof therestorationtreatmentis approximatelyhalf thecontrols(15 m2ha1 versus27 m2ha’).
Thepredominantlyhardwoodmidstoryandunderstoryis removedby handlabor(chainsawsor
handtools). Burning is conductedat 2 to 5 yearintervalsfor 10 years,during the dormantor
growingseason,with moderateintensityfires. Overtime, sustainabilitywill beachievedby an
area-basedapproachusingeven-agedreproductionmethods,primarily two-agedshelterwood.
Theresultingstandswill beopenandpark-like. Approximately63,000haof shortleafpine-
bluestemecosystemsareplannedto be restoredon theOuachitaNationalForestin Arkansasand
Oklahoma.

BENEFITS OF RESTORATION
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Thebenefitsof restorationareusuallyidentifiedin termsof governmentprioritiesor social
benefits;seldomare thediverseobjectivesof landownersrecognized(but seeSelbyand Pet~ijYsto
1995). In mostmarketeconomieswhererightsand obligationsof ownershiprestwith private
landowners,what is appropriateforpublic landmaynot be themostattractiverestorationoption
for privatelandowners(StanturfandothersIn press).Nevertheless,therecanbeconsiderable
overlapin theexpectedbenefitsto societyandtheaffectedlandowner.The arrayof possible
objectivescanbe illustratedwith a limited setof managementscenarios(Table2). For
simplification,threescenariosarepresented:productionforest,conservationforest,or
preservationforest. Theproductionforestoptioncanbe furtherdividedinto low versushigh
intensitymanagement.

Benefitsarecomprisedof financial,recreational,andenvironmentaloutcomes.Becausecash
flow is importantto manylandowners,andtheadjustmentfrom annualto periodicincomeis
oftencitedasabarrierto afforestation,financialbenefitsmustbeconsideredasbothshort-term
and long-term(Amacherand others1998,Niskanen1999). Recreationalbenefitsarehunting
andnon-consumptivebenefitssuchasbird watchingorhiking. Environmentalbenefitsare
separatedinto conservationpractices(suchasthoseinstalledto control soil erosionandprotect
waterqualityorenhancewildlife habitat)andlandretirement,wherethereis no on-going
managementactivity.

Financial Benefits
Financialreturnsfrom activemanagement(productionorconservationforests)aresubstantial
relative to thepreservationorno-managementscenario.Fiberproductionwill driveexpansionof
plantationsin manypartsof theworld (CarneiroandBrown 1999).Otherincomecanberealized
by somelandownersfrom huntingleasesandpotentiallyfrom carbonsequestrationpayments
(Barker andothers 1996). While thereis considerableuncertaintyoverthe accountingfor carbon
creditsundertheKyoto Protocol,thereseemsto beagreementthatafforestationwill beeligible
for offset credit(SchlamadingerandMarland2000). Currentprojectionsin theUnitedStatesfor
thevalueof acarboncredit areon theorderof $2.72 to $4.54perton of CO2 sequestered,but
thevalueis muchhigherin Europe. In Norway, for example,thereis alreadyacarbontax on
gasolineequivalentto $49 perton CO2(Solberg 1997). Estimatesfrom economicmodels
suggestthat acarbontax of $27 to $109perton CO2would benecessaryto stabilizeglobal
emissionsat the 1990 level (Solberg1997).Undertheseconditions,growingbiomassfor fuel
wouldbecomean attractivealternativeto fossil fuel becausebiofuelshaveno netimpacton
global carbonlevels.

RecreationalBenefits
Theprimaryrecreationalbenefitsassumedin the examplesarefrom creatingandenhancing
wildlife habitat. Not all wildlife speciesrequirethe samekind of habitat,sofor simplicity the
expectedbenefitscanbeseparatedinto recreationalhuntingby thelandowner(ratherthanlease
fees)andnon-consumptivewildlife activities, suchasbird watchingor simplytheexistence
valueof wildlife to the landowner.

Environmental Benefits
Waterqualitybenefitsof afforestationaccruefrom reducingsoil erosion(Joslin andSchoenholtz
1998),andfiltering, retaining,andassimilatingnutrientsandfarm chemicalsfrom surfacerunoff



StanturfandMadsen Page12

andgroundwater(Huangandothers 1990).Greaterwaterqualitybenefitwill bederivedfrom
forestedriparianbuffers. Plantedforestedbuffer strips in an agriculturallandscapeare
uncommon,althoughseveralstudieshaveexaminedthefiltering actionof naturalforested
riparianzones(Cooperandothers 1987,CooperandGilliam 1987, Lowranceandothers1983,
Lowranceand othersI 984aandb, Lowranceandothers 1986,PeterjohnandCorrell 1984,Todd
andothers1983). Thesestudiesweresummarizedby Comerfordandothers(1992)who
concludedthatbuffer stripsarequite effectivein removingsolublenitrogenandphosphorus(up
to 99 percent)andsediment.Theefficiencyof pesticideremovalby forestedbuffer stripshas
beenexaminedin someenvironmentalfatestudiesthat concludedthat buffer strips 15 m or
wider weregenerallyeffectivein minimizing pesticidecontaminationof streamsfrom overland
flow (Comerfordand others1992).

LITERATURE CITED

Allen, J.A. 1990. Establishmentof bottomlandoakplantationson theYazooNationalWildlife
RefugeComplex. SouthernJournalof Applied Forestry.14: 206-210.

Allen, J.A. 1997.Reforestationof bottomlandhardwoodsand the issueof woodyspecies
diversity.RestorationEcology.5:125-134.

Amacher,G.S.;Sullivan, J.; Shabman,L.; Zepp,L.; Grebner,D. 1998.Reforestationof flooded
farmland:policy implicationsfrom theMississippiRiver Delta. Journalof Forestry.96 (5): 10-
17.

Ashton,P.M.S.;Gamage,S.; Gunatilleke,I.A.U.N.; Gunatilleke,C.V.C.1997.Restorationof a
Sri Lankanrainforest:usingCaribbeanpinePinuscaribaeaasanursefor establishinglate-
successionaltreespecies.Journalof AppliedEcology.34: 915-925.

Barker,J.R.;Baumgardner,G.A.; Turner,D.P.; Lee,J.J.1996. Carbondynamicsof the
ConservationandWetlandReservePrograms.Journalof Soil andWaterConservation.51: 340-
346.

Bradshaw,A.D. 1997.What do wemeanby restoration?In: Urbanska,K.M.; Webb,N.R.;
Edwards,P.J.,ed.Restorationecologyand sustainabledevelopment.Cambridge,UK:
CambridgeUniversityPress:8-14.

Burbridge,P.R.;Hallin, D.C. [In press]. Rehabilitationof coastalwetlandforestsdegraded
throughtheirconversionto shrimpfarms.In: Holland,M.J.; Stanturf,J.A.; Warren,M.L., Jr.,ed.
Proceedingsconferencesustainabilityof wetlandsandwaterresources.2000May 23-25;
Oxford,MS. Gen.Tech.Rep.SRS-XX.Asheville,NC: U.S. Departmentof Agriculture,Forest
Service,SouthernResearchStation:xx-xx.

Cairns,J.,Jr. 1986.Restoration,reclamation,and regenerationof degradedor destroyed
ecosystems.In: Soule,M.E., ed. ConservationBiology. Ann Arbor, MI: SinauerPublishers:
465-484.



Stan~turfandMadsen Page13

Carneiro,C.M.; Brown,C. 1999. Globaloutlookfor plantations.In: Reportto theFAO Advisory
Committeeon PaperandWood Products,FortiethSession;1999April 27-28;SaoPaulo,Brazil.
[Available on theInternet at URL
http://www.fao.org/montes/fop/fopw/gfsmIacpwp/40/Carne.htm]

Chapman,C.A.; Chapman,L.J. 1999. Forestrestorationin abandonedagriculturalland: acase
studyfrom EastAfrica. ConservationBiology. 13: 1301-1311.

Comerford,N.B.; Neary,D.G.; Mansell,R.S. 1992. Theeffectivenessof buffer strips for
amelioratingoffsite transportof sediment,nutrients,andpesticidesfrom silvicultural operations.
NCASI TechnicalBulletin No. 631. New York, NY: NationalCouncil of thePaperIndustryfor
Air andStreamImprovement.48 p.

Cooper,J.R.;Gilliam, J.W. 1987. Phosphorusredistributionfrom cultivatedfields into riparian
areas.Soil ScienceSocietyof AmericaJournal.51: 1600-1604.

Cooper,J.R.;Gilliam, J.W.; Daniels,R.B. 1987. Riparianareasasfiltersfor agricultural
sediment.Soil ScienceSocietyofAmericaJournal.51: 416-420.

DeGraaf,R.M. 1987.Managingnorthernhardwoodsfor breedingbirds. In: Nyland,R.D., ed.
Managingnorthernhardwoods,Proc.Silvicultural Symp.; 1986 June23-25;Syracuse,NY.
Syracuse,NY: Faculty of ForestryMisc. Publ. No. 13 (ESF87-002):348-362.

Fisher,R.F. 1995.Ameliorationof degradedrain forest soilsby plantationsof nativetrees. Soil
ScienceSocietyof AmericaJournal.59: 544-549.

Gardiner,E.S.;Russell,D.R.; Oliver, M., Doris, L.C., Jr. [In press]. Bottomlandhardwood
afforestation:stateof the art. In: Holland, M.J.; Stanturf,J.A.; Warren,M.L., Jr. In: Holland,
M.J.; Stanturf,J.A.;Warren,M.L., Jr.,ed.Proceedingsconferencesustainabilityof wetlandsand
waterresources.2000May 23-25;Oxford,MS. Gen.Tech.Rep.SRS-XX.Asheville,NC: U.S.
DepartmentofAgriculture,ForestService,SouthernResearchStation:xx-xx.

Graney,D.L. 1986. Sitequality relationshipsfor shortleafpine. Pages41-52in Murphy,P.A.,
ed.,Proceedingsof a symposiumon theshortleafpineecosystem.Little Rock,AR.

Guldin, J.M. 1986. Ecologyof shortleafpine. Pages25-40in Murphy, P.A., ed.,Proceedings
of a symposiumon theshortleafpineecosystem.Little Rock,AR.

Hamel,P.B.; Nuttle, T.; Woodson,C.A.; Broerman,F. [In press].Forestrestorationasecological
succession:shouldwespeedit up orslow it down?In: Holland,M.J.; Stanturf,J.A.; Warren,
M.L., Jr. In: Holland,M.J.; Stanturf,J.A.; Warren,M.L., Jr.,ed.Proceedingsconference
sustainabilityof wetlandsandwaterresources.2000May 23-25;Oxford,MS. Gen.Tech.Rep.
SRS-XX. Asheville,NC: U.S.Departmentof Agriculture, ForestService,SouthernResearch
Station:xx-xx.



Stanturfand Madsen Page14

Harrington,C.A. 1999. Forestsplantedfor ecosystemrestorationor conservation.New Forests.
17 (1-3): 175-190.

Haynes,R. J.,R.J.Bridges,S.W. Gard,T.M. Wilkins, andH.R. Cooke,Jr. 1995.Bottomland
hardwoodreestablishmenteffortsof theU.S. FishandWildlife Service:SoutheastRegion.In:
Fischenich,J.C.,Lloyd, C.M.; Palermo,M.R. ed.,ProceedingsEngineeringfor Wetlands
RestorationNational Workshop,1993 August3-5,St.Louis, MO. TechnicalReportWRP-RE-8.
Vicksburg,MS: U.S. Army CorpsEngineers,WaterwaysExperimentStation:322-334.

Huang,W.-Y.; Algozin, K.; Ervin, D.; Hickenbotham,T. 1990. UsingtheConservationReserve
Programto protectgroundwaterquality. Journalof Soil andWaterConservation.46: 251-254.

Islam,K.R.; Kamaluddin,M.; Bhuiyan,M.K.; Badruddin,B. 1999.Comparativeperformanceof
exoticandindigenousforestspeciesfor tropicalsemievergreendegradedforestlandreforestation
in Chittagong,Bangladesh.LandDegradation& Development.10: 241-249.

Johnson,W.C. 1988.EstimatingdispersibilityofAcer,Fraxinus,andTilia in fragmented
landscapesfrom patternsof seedlingestablishment.LandscapeEcology. 1:175-187.

Joslin,J.D.;Schoenholtz,S.H. 1998.Measuringtheenvironmentaleffectsof convertingcropland
to short-rotationwoodycrops:A researchapproach.BiomassandBioenergy.15: 301-311.

Kanowski,P.J. 1997. Afforestationandplantationforestry. In: Proceedingsof theXI World
ForestryCongress;1997October13-22; Antalya,Turkey. [Available on theInternetatURL
http://coombs.anu.edu.au/Depts/RSPAS/RMAP/kanow.htm].

King, S.L.; Keeland,B.D. 1999. Evaluationof reforestationin theLowerMississippiRiver
Alluvial Valley. RestorationEcology.7: 348-359.

Knowles,O.H.; Parrotta,J.A. 1995.Amazonianforestrestoration:an innovativesystemfor
nativespeciesselectionbasedon phenologicaldataandfield performanceindices.
CommonwealthForestryReview.74 (3): 230-243.

Krishnaswamy,A.; Hanson,A., ed. 1999. Ourforests,our future: summaryreport,World
Commissionon ForestsandSustainableDevelopment.Cambridge,UK: CambridgeUniversity
Press.p. 37.

Lamb,D.; Tomlinson,M. 1994.Forestrehabilitationin the Asia-PacificRegion;pastlessonsand
presentuncertainties.JournalTropicalForestScience.7 (1): 157-170.

Larsen,J.B. 1995.Ecologicalstabilityof forestsandsustainablesilviculture.ForestEcologyand
Management.73:85-96.

Lowrance,R.R.; Todd,R.L.; Asmussen,L.E. 1983.Waterbornenutrientbudgetsfor theriparian
zoneof an agriculturalwatershed.AgricultureEcosystemsandEnvironment.10: 371-384.



StanturfandMadsen Page15

Lowrance,R.R.;Todd, R.L.; Asmussen,L.E. 1984a. Nutrientcycling in an agricultural
watershed:I. Phreaticmovement.Journalof EnvironmentalQuality. 13: 22-27.

Lowrance,R.R.;Todd, R.L.; Fail, J. Jr.; Hendrickson,0.; Leonard,R.; Asmussen,L. 1984b.
Riparianforestasnutrientfilters in agriculturalwatersheds.BioScience.34: 374-377.

Lowrance,R.R.;Sharpe,J.K.; Sheridan,J.M. 1986. Long-termsedimentdepositionin the
riparianzoneof acoastalplain watershed.Journalof Soil andWaterConservation.41: 266-271.

Luckow, K.R. 1998. Soil compactionmonitoringof 20 timberharvestunit subplotson the
OuachitaNationalForest. In: AppendixD, EnvironmentalAssessmentAmendmentNo. 27 to
theGuachitaNationalForestPlan,ForestPlan StandardsandGuidelines:Soil compactionand
normaloperatingseasons.Little Rock,AR: US Departmentof Agriculture,OuachitaNational
Forest.

MacDonald,P.O.,W.E. Frayer,andJ.K. Clauser. 1979. Documentation,chronology,andfuture
projectionsof bottomlandhardwoodhabitatlossesin the LowerMississippiAlluvial Plain.Vols.
I and2, U.S.Departmentof the Interior,FishandWildlife Service,Washington,D.C.

Madsen,P.; Arad6ttir,A.L.; Gardiner,E.; Gemmel,P.; H0ie, K.L.; Lof, M.; Stanturf,J.;
Tigerstedt,P.; Tullus,H.; Valkonen,S.; Un, V. [In press].Forestrestorationin theNordic
countries.In: Holland,M.J.; Stanturf,J.A.; Warren,M.L., Jr. In: Holland,M.J.; Stanturf,J.A.;
Warren,M.L., Jr., ed.Proceedingsconferencesustainabilityof wetlandsand waterresources.
2000May 23-25;Oxford,MS. Gen.Tech.Rep.SRS-XX.Asheville,NC: U.S.Departmentof
Agriculture,ForestService,SouthernResearchStation:xx-xx.

Newling, C.J. 1990.Restorationof thebottomlandhardwoodforestin theLower Mississippi
Valley. RestorationandManagementNotes.8(l):23-28.

Niskanen,A. 1999.Thefinancialandeconomicprofitability of field afforestationin Finland.
Silva Fennica.33(2): 145-157.

Ohta,5. 1990.Initial soil changesassociatedwith afforestationwith Acaciaauricul~formisand
Pinuskesiyaon denudedgrasslandsof thePantabanganarea,CentralLuzon,thePhilippines.Soil
ScienceandPlantNutrition. 36: 633-643.

Otsamo,R. 2000. Earlydevelopmentof threeplantedindigenoustreespeciesandnatural
understoryvegetationin artificial gapsin anAcacia mangium standon an Imperatacylindrica
grasslandsite in SouthKalimantan,Indonesia.New Forests.19: 51-68.

Parrotta,J.A. 1992.Therole ofplantationforestsin rehabilitatingtropicalecosystems.
Agriculture,Ecosystems,andEnvironment.41: 115-133.

Parrotta,J.A.;Turnbull, J.W.; Jones,N. 1997. Catalyzingnativeforestregenerationon degraded
tropical lands.ForestEcologyandManagement.99: 1-7.



StanturfandMadsen Page16

Peterjohn,W.T.; Correll,D.L. 1984. Nutrientdynamicsin an agriculturalwatershed:
observationson therole of riparianforests.Ecology.65: 1466-1475.

Savage,L., D.W. Pritchett,andC.E. DePoe.1989.Reforestationof aclearedbottomland
hardwoodareain northeastLouisiana.RestorationandManagementNotes.7(2): 88.

Schlamadinger,B.; Marland,G. 2000.Landuse& global climatechange—forests,land
management,andtheKyoto Protocol.Arlington, VA: PewCenteron GlobalClimateChange.54

p.

Schweitzer,C.J.;Stanturf,J.A.; Shepard,J.P.;Wilkins, T.M.; Portwood,C.J.;Doris, L.C., Jr.
1997. Large-scalecomparisonof reforestationtechniquescommonlyusedin theLower
MississippiRiverAlluvial Valley. In: Pallardy,S.G.;Cecich,R.A.; Garrett,H.G.; Johnson,P.S.,
ed. Proceedings11thcentralhardwoodforestconference.1997March23-26; Columbia,MO.
Gen.Tech.Rep.NC-188.St. Paul,MN: U.S.Departmentof Agriculture,ForestService,North
CentralForestExperimentStation:313-320.

Selby,J.A.; PetajYsto,L. 1995.Attitudinal aspectsof resistanceto field afforestationin Finland.
SociologiaRuralis.35(1):67-92.

Sharitz,R.R. 1992.Bottomlandhardwoodwetlandrestorationin theMississippiDrainage. In:
Restorationof aquaticecosystems:science,technology,and public policy. Washington,DC:
NationalResearchCouncil,National AcademyPress:496-505

Sigurdsson,5. 1977.Birki 6. Islandi (Birch in Iceland).In Gudmundssonandothers(eds.)
Skdgarm6.l,pp. 146-172.EddaPrint, Reykjavfk(In Icelandic).

Solberg,B. 1997.Forestbiomassascarbonsink—economicvalueandforestmanagementlpolicy
implications.Critical Reviewsin EnvironmentalScienceandTechnology.27 (Special):S323-
S333.

Stanturf,J.A.; Portwood,C.J. 1999. Economicsof afforestationwith Easterncottonwood
(Populousdeltoides)on agricultural landin theLowerMississippiAlluvial Valley. In:
Haywood,J.D.ed. Proceedingsof thetenthbiennialsouthernsilvicultural researchconference;
1999February16-18,Shreveport,LA. Gen.Tech.Rep.SRS-30.Asheville,NC: U.S.
DepartmentofAgriculture, ForestService,SouthernResearchStation:66-72

Stanturf,J.A.; Gardiner,E.S.;Hamel,P.B.; Devall,M.S.; Leininger,T.D.; Warren,M.L., Jr.
2000.Restoringbottomlandhardwoodecosystemsin theLower MississippiAlluvial Valley.
Journalof Forestry.98 (8): 10-16.

Stanturf,J.A.; Schoenholtz,S.H.; Schweitzer,C.J.;Shepard,J.P.[In press].Achieving
restorationsuccess:mythsin bottomlandhardwoodforests.RestorationEcology.

Stanturf, J.A., C.J. Schweitzer,S.H. Schoenholtz,J.P. Barnett, C.K. McMahon, and D.J.
Tomczak. 1998a.Ecosystemrestoration:Factorfancy?Pages376-383in Wadsworth, K.G.,



StanturfandMadsen Page17

editor,Transactionsof the
63rd North AmericanWildlife andNaturalResourcesConference,20-

24 March, 1998,Orlando,FL. Wildlife ManagementInstitute,Washington,D.C.

Stanturf,J.A.; Schweitzer,C.J.;Gardiner,E.S. 1998b. Afforestationof marginalagricultural
land in theLowerMississippiRiverAlluvial Valley, USA. SilvaFennica.32: 281-297.

Todd,R.L.; Lowrance,R.R.; Hendrickson,0.; Leonard,R.; Asmussen,L.; Leonard,R.; Fail, J.
Jr.; Herrick, B. 1983. Riparianvegetationasfilters of nutrientsexportedfrom acoastalplain
agriculturalwatershed.In Lowrance,R.R.; Todd,R.L.; Asmussen,L.E.; Leonard,R.A., ed.
Nutrientcycling in agriculturalecosystems.SpecialPublication#23.Athens,GA: University of
Georgia,Collegeof Agriculture:485-496.

Twedt,D.J.; Portwood,C.J. 1997. Bottomlandhardwoodreforestationfor Neotropical
migratorybirds: arewemissingtheforestfor thetrees?Wildlife SocietyBulletin. 25: 647-652.

Twedt,D.J.,R.R. Wilson,J.L. Henne-Kerr,andR.B. Hamilton. 1999. Impactof bottomland
hardwoodforestmanagementon avianbird densities.ForestEcologyandManagement
123:261-274.

Walker,L.C. 1994.TheSouthernPineRegion.In: Barrett,J.W.,ed.Regionalsilvicultureof the
UnitedStates3rd Edition. New York: JohnWiley andSons:27 1-333.

Walker,J.L. andW.D. Boyer. 1993. An ecologicalmodel andinformationneedsassessmentfor
longleafpineecosystemrestoration.In: Foley,L.H., compiler,Proceedingsof theNational
Silviculture Workshop,Silviculture: from thecradleof forestryto ecosystemmanagement;1993
November1-4; Hendersonville,NC. GeneralTechnicalReportSE-88.Asheville,NC: U.S.
Departmentof Agriculture,ForestService,SoutheasternForestExperimentStation:138-147

Whalley,D.N. 1988.Afforestationof salt-affectedsoils—aninternationalproblem.International
PlantPropagator’sSocietyCombinedProceedings.37: 212-221.

WRI. 2000.A guideto world resources2000-2001—peopleandecosystems,thefraying webof
life. Washington,DC: World ResourcesInstitute.25 p.



StanturfandMadsen Page18

Table 1—Examplesof forestrestorationefforts in variouspartsofthe world

Typeof restoration
Afforestation

Afforestation

Afforestation

Afforestation
Afforestation
Reclamation
Reclamation
Reclamation

Reclamation

Rehabilitation

Rehabilitation

Rehabilitation

Rehabilitation

Region
LowerMississippi
Alluvial Valley, USA’
NordicCountries2

TropicalCountries3

Venezuela
Iceland4
Everiwhere
Asia
Ireland

India6

SoutheasternUS7

Interiorhighlands,

SoutheasternUS

NorthernEurope8

EnglandandScotland

Formercondition
Agriculture

Agriculture

Agriculture

Cerrado
Erodedgrazingland
Mined land
Shrimpponds
Mined peatland

Salineandsodicsoils

Loblolly pine
plantations
Shortleaf
pine/hardwoodforests

Norwayspruce
plantations
Spruceor pine
plantations

Restoredcondition
Bottomland
hardwoods
Hardwoods,
sometimesNorway
spruce
Exotic andnative
hardwoods
Caribbeanpine
Birch, lupine/birch
Various
Mangrove
Sitkaspruce,various
hardwoods
Eucalyptusspp.,
Acaciaspp.,other
native spp.
Longleafpine
woodlands
Shortleaf
pine/bluestemgrass
woodlands
Oak or beech
woodlands
Mixed woodlands

Allen 1990, 1997;GardinerandothersIn press;Hameland othersIn press;Newling 1990;Savageandothers
1989;Schweitzerand others1997;Sharitz 1992;Stanturfandothers1998a,b; Stanturfandothers2000;Stanturf
andothersIn press;Twedt andPortwood1997;Twedtandothers1999.
2 MadsenandothersIn press.
~Ashtonandothers1997;Chapmanand Chapman1999;Fisher1995;Islamandothers1999;KnowlesandParrotta
1995;LambandTomlinson 1994;Ohta1990;Otsamo2000;Parrotta1992;Parrottaandothers1997.
~MadsenandothersIn press;Sigurdsson1977.
~BurbridgeandHellin In press.
6WhalIey1988.
~ andBoyer1993.
8 MadsenandothersIn press.
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Table2. Expectedbenefitsfrom afforestation,dependinguponobjectivesand management

intensity.

Scenario

Production
Forest-High

Intensity
(Short

Rotation:
Pulpwood,
Fuelwood)

Financial
Short-term Long-Term

High High

ExpectedBenefit Level
Recreational

Hunting Non-
Consumptive

High Medium

Environmental
Conservation Land

Practices Retirement
Medium No

Production
Forest-Low

Intensity
(Long-

Rotation:
Timber,
Wildlife)

Conservation
Forest

Preservation
Forest

Medium

Low

Low to No

High

Medium

No

High

High

Low

High

High

Medium

High

High

Medium

No

Low

High
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Figure 1. Lossof original forestcover,from 6 billion hato 3.45 billion ha.
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Figure2. Theterminologyof forestrestorationis bestviewedin termsof landuseaswell as

landcoverchange.


